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Beta-cell number is limited by the Cdx4 transcription factor
M.D. Kinkel, V.E. Prince
Department of Organismal Biology and Anatomy, University of Chicago,
Chicago, IL, USA
The zebraﬁsh has been well-established as a model for vertebrate
pancreas development. We have utilized a Cdx4 mutant line to
investigate islet development during early pancreatogenesis. In
previous studies we have shown that Cdx4 is required to correctly
localize the pancreas along the AP axis and to limit β-cell number.
Here we investigate the mechanisms for increased β-cell number in
Cdx4mutants. Potential mechanisms include differential speciﬁcation
of β-cells over other pancreatic cell types, increased proliferation of β-
cells, and decreased apoptosis of β-cells. Preliminary results suggest
that differential speciﬁcation of β-cells is the primary mechanism for
increasing β-cell number in mutants. First, the pdx1-positive domain,
which marks precursors of the endocrine pancreas, exocrine pancreas
and intestine, is expanded in mutants. Thus the endocrine pancreas
domain may be expanded, thereby giving rise to a greater number of
mature β-cells. Second, β-cells may differentiate at the expense of
exocrine cells: mutants have greatly reduced numbers of ptf1a-
positive exocrine cells. Early expansion of the β-cell population may
reduce the pancreatic precursor pool, thereby leaving fewer pre-
cursors available to differentiate into exocrine cells. Third, assays to
detect proliferative insulin-positive cells suggest that newly-differ-
entiated β-cells are not proliferative in wildtypes. In ongoing studies,
we are determining whether the mutant pancreatic precursor pool
has an increased rate of proliferation relative to wildtype. Under-
standing β-cell differentiation is important for understanding how to
derive β-cells from stem cells in vitro.
doi:10.1016/j.ydbio.2008.05.495
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The role of two Tbx paralogs in otic placode development and
otolith formation
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In vertebrates, the inner ear arises from the otic placode. Dev-
elopment of the otic placode requires both intrinsic and inductive
factors. The signaling molecules Fgf3 and Fgf8 mediate the induction
and speciﬁcation of the zebraﬁsh inner ear. fgf3 and fgf8 are expressed
in early mesendoderm as well as the hindbrain and are redundantly
required for otic vesicle formation. In zebraﬁsh, several members of
the T-box family (Tbx) of transcription factors are expressed in the otic
placode. Members of the Tbx2 sub-family (Tbx2/3/4/5) play critical
roles in mammary placode, optic, and heart development. In these
tissues, they are required for the initiation and maintenance of sig-
naling molecules, notably FGFs, BMPs,WNTs, and RA. We have iden-
tiﬁed two paralogous Tbx2 sub-family members (tbx2a/b) that
mediate signaling in preotic cells. These genes act partially redun-
dantly, as disruption of either tbx2a or tbx2b affects otic placode
induction as well as otolith crystal aggregation. We demonstrate that
tbx2a/bmediate early FGF signaling in the otic placode. In this context,
tbx2a/b appear to act in pathways parallel with other early intrinsic
factors necessary for proper otic induction, foxi1 and dlx3b/4b.
Furthermore, knock-down of Tbx2a/b results in a loss of hindbrain
neurons. A similar phenotype with a loss of hindbrain neurons is also
apparent in Fgf24 deﬁcient embryos. We also examine the roles of
tbx2a/b in the regulation of otolith formation.
doi:10.1016/j.ydbio.2008.05.496
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The forkhead domain transcription factor Foxj1 is the master
regulator of the motile ciliogenic program
Sudipto Roy, Hermann Habacher, Xianwen Yu
Institute of Molecular and Cell Biology, Proteos, 61 Biopolis Drive,
Singapore 138673, Singapore
In many tissues, motile cilia induce ﬂuid movement through their
rhythmic beating activity. Dysfunction of motile cilia is a hallmark of
human genetic abnormalities like Primary Ciliary Dyskinesia or
Kartagener syndrome. In the mouse, Foxj1, a winged-helix transcrip-
tion factor, has been implicated in the generation of motile cilia.
However, the mechanism of regulation of Foxj1 expression in ciliated
tissues and its precise role in ciliogenesis have remained unclear. Here,
we show that in zebraﬁsh embryos, foxj1 is a novel target of Hedgehog
signalling in the ﬂoor plate. Loss of foxj1 severely compromised the
assembly of motile cilia which decorate ﬂoor plate cells. Besides the
ﬂoor plate, zebraﬁsh foxj1, like its mammalian homologue, was
expressed in the embryonic node and pronephric duct, and inhibition
of its function also blocked ciliary differentiation in these tissues. We
provide evidence that Foxj1 activates the expression of a constellation
of genes essential for motile cilia formation and function, and that its
activity is sufﬁcient for ectopic induction of motile cilia. These ﬁndings
identify a master regulatory function for Foxj1 in the transcriptional
program that controls the production of motile cilia.
doi:10.1016/j.ydbio.2008.05.497
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FOXA2 controls the identity and morphology of cells within the
medial region of midbrain ﬂoor plate
Roy Bayly a, Seema Agarwala a,b
a Institute for Cellular and Molecular Biology, University of Texas at
Austin, Austin, TX, USA
b Section of Neurobiology, University of Texas at Austin, Austin, TX, USA
Previous work from our laboratory has shown that important
midbrain cell types such as the oculomotor complex and dopaminer-
gic neurons (MDA) depend critically upon the signaling molecule
Sonic Hedgehog (SHH) secreted from a specialized ventral midline
signaling center called ﬂoor plate (FP). Interestingly, midbrain FP can
be divided into medial (MFP) and lateral (LFP) regions on the basis of
gene expression and mode of induction. While SHH is expressed
throughout FP, several developmental control genes (i.e. LMX1B,
BMP7) are exclusively expressed in MFP. However, in vivo blockade of
SHH signaling results in the disruption of LFP, but not MFP. Conversely,
overexpression of SHH is sufﬁcient to induce MFP only along the
midbrain–hindbrain boundary, but never in the rest of midbrain.
These data suggest that MFP requires additional signals for its
speciﬁcation that LFP does not. The winged-helix transcription factor,
FOXA2/HNF3β, is expressed throughout midbrain FP and we have
found that it is sufﬁcient to initiate the entire midbrain pattern,
including MFP. The induction of MFP is accompanied by a robust
increase in MDA neurons, more potent than that observed after
misexpression of SHH. Additionally, FOXA2 also affects cell
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morphology producing ectopic “hinge points” that resemble the
endogenous ventral midline hinge point— critical in bending, shaping
and eventually closing the neural tube. Thus, we bring new insight
into the mechanism underlying midbrain FP speciﬁcation and show
how FOXA2 regulates both gene expression and cell shape.
doi:10.1016/j.ydbio.2008.05.498
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A transition in Sox2 gene regulation distinguishes the epiblastic
and anterior neural plate states
Makiko Iwafuchi, Tatsuya Takemoto, Masanori Uchikawa,
Yusuke Kamachi, Hisato Kondoh
Department of Developmental Biology, Osaka University, Suita,
Osaka, Japan
The transcription factor gene Sox2 is expressed in the epiblast and
neural plate during the early embryonic stages in amniotes. Among
the number of enhancers regulating Sox2, N-2 is most responsible for
Sox2 expression in the epiblast and anterior neural plate, as
homozygous deletion of enhancer N-2 abrogates expression of Sox2
in these tissue primordia.Here, the minimal essential sequence (core
sequence) of enhancer N-2 was identiﬁed. Functional analysis of the
regulatory elements was done using various mutated versions of the
core sequences as performed by transfecting ES cells (as epiblast
substitutes) and electroporating stage 4–5 chicken embryos (to assess
neural plate activity). This analysis identiﬁed three POU factor binding
sites (two overlapping) and an OTX binding site in the coresequence,
as conﬁrmed by EMSA. In ES cells with strong OCT3/4 expression, the
N-2 core enhancer was primarily dependent on the activity of OCT3/4.
In contrast, in the anterior neural plate, where OCT3/4 is down-
regulated and OTX2 is strongly activated, the enhancerwas dependent
on OTX2 activity. In the Otx2 knockout embryo, Sox2was expressed in
the epiblastic stage but not in the anterior neural plate stage. Thus, the
transition of Sox2 regulation from OCT3/4-dependence to OTX2-
dependence distinguishes the epiblastic and anterior neural plate
states in early ectodermal lineages.
doi:10.1016/j.ydbio.2008.05.499
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Detailed analysis of zic1, zic2, zic3, and zic4 expression in trunk
and hindbrain sections of early chick embryos
Ariel McMahon, Sara Muscarelli, Christa Merzdorf
Department of Cell Biology and Neuroscience, Montana State University,
Bozeman, MT, USA
The Zic family of transcription factors plays multiple roles in early
development. zic genes are highly conserved, particularly in their zinc
ﬁnger domains and in the regions immediately surrounding the zinc
ﬁngers. Using published sequences and the chicken genome as guides,
we have generated in situ probes that are speciﬁc for the zic1, zic2,
zic3, and zic4 genes in chick. We have previously presented whole
mount in situ comparisons for zic1 and zic2 with preliminary data on
zic3 and zic4. Now we have studied the expression of zic3 and zic4 in
greater detail and present a detailed analysis of zic1–4 expression in
sections of stage 14/15 and stage 18/19 embryos. The zic1–3 genes are
expressed in overlapping patterns in the dorsal neural tube and in the
dorsomedial portion of the somites, while zic4 is expressed in the
forebrain, but not in the hindbrain or trunk. zic2 is the ﬁrst zic gene
expressed in the dorsal neural tube upon neural tube formation. zic1 is
the earliest zic gene expressed during somitogenesis. zic3 is uniquely
expressed in the presomitic mesoderm, although it is not expressed in
newly formed somites. zic2 is uniquely expressed throughout the
neural tube of the tail tip and in the periotic mesoderm. Other
differences will be discussed, comparisons with zic gene expression in
other organisms will be made, and the expression patterns will be
related to phenotypes resulting from aberrant zic gene expression.
doi:10.1016/j.ydbio.2008.05.500
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Analysis of chicken paraxial mesoderm progenitor transcriptome
using microarray technique
Bertrand Bénazéraf a, Sachin Mathur a, Karin Zueckert-Gaudenz a,
Gaye Hattem a, Jayasinghe Sachintha a, Tassy Olivier a,b,
Haug Jeff, Pourquié Olivier a,b
a Stowers Institute for Medical Research, 1000 East 50th Street,
Kansas City, Missouri 64110, USA
b Howard Hughes Medical Institute, Kansas City, MO 64110, USA
The vertebrate body is subdivided along the antero-posterior axis
into repeated segments. This pattern is established by the segmenta-
tion of the presomitic mesoderm (PSM) during embryogenesis. Cells
that give rise to the PSM derive from the primitive streak and later
from the tail bud. Because the segmentation process continues during
antero-posterior (AP) axis elongation, the population of PSM cells
must be continuously renewed. Different studies suggest the exist-
ence of paraxial mesoderm “stem cells” located ﬁrst in the most
anterior part of the primitive streak and then in the tail bud. While
these cells appear to be of major importance in PSM production and in
the set-up of the segmentation program, their cellular and molecular
properties are not well understood. To better understand these
properties, we use a DNA microarray approach in the chick embryo to
identify genes speciﬁcally expressed in these precursors. Several
candidate genes identiﬁed during this screen show speciﬁc expression
in the zone of the paraxial progenitor stem cells by in situ hybrid-
ization. The function of these candidate genes will be tested in future
work to know if whether or not they participate in the speciﬁc
properties of paraxial mesoderm progenitors.
doi:10.1016/j.ydbio.2008.05.501
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Identifying novel targets of Ptf1a using ChIP-on-chip technology
Sherri-Gae Scott, Steven D. Leach
a Department of Surgery, Johns Hopkins University School of Medicine,
Baltimore, MD, USA
b Department of Cell Biology, Johns Hopkins University School of
Medicine, Baltimore, MD, USA
Ptf1a is a bHLH transcription factor that is expressed in the
progenitor cells of the dorsal bud at the onset of pancreas develop-
ment. These progenitor cells eventually give rise to pancreatic ducts,
endocrine and exocrine cells. As the pancreas develops, Ptf1a also
functions to induce and maintain differentiation of the exocrine
pancreas. In order to gain additional insight into the role of Ptf1a in
mouse pancreas development, we intend to identify novel targets of
this transcription factor and to investigate their role in pancreas dev-
elopment. We used chromatin immunoprecipitation (ChIP) in vivo to
investigate the interaction between Ptf1a and genomic DNA in adult
mouse pancreas, liver was utilized as a control tissue not expressing
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